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KEY CONCEPTS

• analgesia: the relief of pain
• antipyretic: a drug that acts to counteract pyresis (elevated body temperature) due to
feverishness
• free radical: a molecule in which one or more
atoms have an unpaired electron available to interact with atoms in other materials

Acetaminophen is an over-the-counter pain medication. By Deborah Austin from Bellevue, WA, USA.

Introduction

Acetaminophen, also called paracetamol, is an analgesic, or pain-relief drug, used primarily for body
and menstrual aches, headaches, and other mild to
moderate pain. One of the leading nonprescription
drugs in the general treatment of minor pain for a
wide range of ages, acetaminophen lowers the sensory indicators to pain and cools the body as it provides relief. It is also an antipyretic used to reduce fevers and alleviate joint pain, such as that caused by
osteoarthritis, although it is not recommended to
treat the underlying inflammation, as the drug does
not have noticeable anti-inflammatory effects. Acetaminophen’s expansive therapeutic effects are under
examination for the drug’s interaction with a wider
array of diseases. Use of acetaminophen in combination with nonsteroidal anti-inflammatory drugs
(NSAIDs) such as diclofenac can lead to more therapeutic and inhibitory actions toward cardiovascular
and carcinogenic diseases.

tree fueled the need for an alternative source for antipyretic agents. Harmon Northrop Morse first produced and unknowingly discovered acetaminophen
in 1878 through the reduction of p-nitrophenol with
tin in the presence of glacial acetic acid. Acetaminophen was not properly used for medical purposes
until fifteen years later, when researchers justified its
effectiveness as an antipyretic. However, initial trials
relayed acute toxicity in testing animals such as Hungarian frogs, guinea pigs, rabbits, and dogs. Given
the troubling effects, acetaminophen did not receive
any further interest until the 1940s.
In the late 1940s, researchers at Yale University determined that acetaminophen was the major metabolite of acetanilide, a known analgesic and antipyretic, and that in fact it was acetaminophen that
was responsible for acetanilide’s efficacy. Soon after,
biochemists Bernard Brodie and Julius Axelrod demonstrated acetaminophen’s analgesic effects on
human volunteers and determined that it was less
toxic than acetanilide, which was known to cause
methemoglobinemia (elevated methemoglobin in
the blood), and most likely safer than phenacetin,
another acetanilide derivative that also metabolized

Brief History

During the Middle Ages, typical antipyretic agents
were derived from cinchona bark and white willow
bark, more commonly known as the chemical family
of salicins. By the 1880s, the scarcity of the cinchona
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into acetaminophen. The rediscovery of acetaminophen sparked public interest in the United States,
where it was subsequently sold, in combination with
aspirin and caffeine, under the trade name Triagesic.
Within a year, Triagesic was withdrawn from the
market after three users were reported to have been
diagnosed with the blood disease agranulocytosis.
However, it soon became apparent that the disease
had not been caused by the acetaminophen, and by
1955 the drug had been reintroduced to the U.S.
market as a single nonprescription analgesic.
By the 1960s, researchers had proved the safety
and reliability of acetaminophen among its predecessors, particularly acetanilide and phenacetin, whose
side effects included gastrointestinal ulceration and
hemorrhage, among others. However, the ensuing
widespread availability of the drug increased reports
of self-overdosing, and in 1966 the first cases of severe liver damage were reported in Scotland. Initially,
the severity of the drug’s liver damage was misunderstood; liver abnormalities would only appear after
three or four days of delay, and though many of the
patients reported swift recoveries, a few developed
acute liver failure within four to six days. In the 1970s,
scientists discovered a breakthrough way of preventing acetaminophen’s conversion into a toxic metabolite, followed by the first successful treatment of
critical acetaminophen poisoning with cysteamine
and the presentation of N-acetylcysteine as the foremost and current antidote to acetaminophen
poisoning.
Acetaminophen Today

Acetaminophen is the prevailing antipyretic and analgesic against mild to moderate pain and symptoms.
Other chemical compounds, such as aspirin and
other NSAIDs, are also available in similar doses, although these present grave problems with toxicity.
Acetaminophen is increasingly used as a treatment
for osteoarthritis, although a 2015 review by Gustavo
C. Machado and colleagues found that it provided
only “minimal short-term benefit” to osteoarthritis
patients, and has managed to maintain low gastrointestinal toxicity effects even at over-the-counter
(OTC) doses. Although rare, serious acetaminophen
complications can include liver failure or death,
though these are usually related to self-prescribing
and misuse of the drug. Such actions often lead to
acetaminophen overdosing and toxicity, especially in
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relation to the combination of acetaminophen with
alcohol, fasting, other drugs, or diet.
The discovery of two cyclooxygenase (COX) inhibitors, namely COX-1 and COX-2, has transformed the
use and advancement of analgesic anti-inflammatory
drugs. Current and available drugs relate the majority
of side effects to the hindrance of the enzyme COX-1,
while effectiveness is related to the hindrance of
COX-2, both of which are provoked by inflammatory
means. The interaction of acetaminophen and COX-3,
another COX inhibitor, could expand acetaminophen’s therapeutic effects. COX-3 is induced from the
uptake of diclofenac, a type of NSAID, so the most
therapeutic use of acetaminophen in the future may
involve a combination of these drugs.
Further examination into the therapeutic effects
of acetaminophen in other areas of medicine may
lead to vastly improved uses of the drug. Low-density
lipoproteins (LDL) have a significant effect on the
treatment of atherosclerosis, cardiovascular disease,
and stroke. Higher LDL levels signify agglomeration
of the fat cells on the walls of the body’s blood vessels,
increasing the potential for blockage and sudden
blood clots that can ultimately lead to heart attack or
stroke. Acetaminophen, along with other dietary or
chemical antioxidants, can reduce the oxidation of
LDLs by acting as a free radical scavenger to prevent
the development of any cardiovascular problems.
Other studies have also noted acetaminophen’s
effects on the decrease of binding, cell association,
and degradation of the cultured HepG2 cells. HepG2
cells are a long-lasting cell line derived from a hepatocellular carcinoma, the most common type of primary liver cancer.
Acetaminophen has long been one of the bestselling OTC analgesics, with no significant contradictory reports to hinder consumers from continuing to

Structure of N-acetyl-p-aminophenol (paracetamol or acetaminophen). By NEUROtiker (Own work).
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use it. The increasing understanding of the drug and
its interactions with the human biological system can
expand its utility for a broader range of clinical use.
—Pamela Rose V. Samonte
—Rhea U. Vallente, PhD
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Alkylating agents in chemotherapy

their deoxyribonucleic acid (DNA) and cell division.
They are used to treat various, especially slow-growing
cancers such as solid tumors and leukemias.
KEY CONCEPTS

• apoptosis: the natural death of cells that have
reached the limit of their viability, as opposed to
cell death caused by disease or injury
• mustards: collective term for ether-like compounds in which the oxygen atom of the ether
linkage is replaced by a sulfur atom

Alkylating Agents

This class of synthetic drugs includes chemicals
known as alkyl sulfonates, ethyleneimines and methylmelamines, nitrogen mustards, nitrosoureas, platinum compounds and triazenes. These drugs are administered both intravenously and orally in capsule
and tablet form, on an inpatient, outpatient, and athome basis, depending on the specific drug, type of
cancer, and its location and aggressiveness. When
possible, these drugs are best delivered directly to the
tumor site to limit damage to normal cells.
How They Work

One of the oldest classes of chemotherapeutic drugs,
alkylating agents were discovered during World War
II when physician Cornelius P. Rhoads drew a connection between the lowered white blood cell counts
in six hundred sailors who had been exposed to mustard gas during the sinking of the Liberty in 1943 and
the possibility that the nitrous mustards could be adopted for use in leukemia patients. It was later

Alkylating agents in chemotherapy
FIELDS OF STUDY

Oncology; Pharmacology; Chemotherapy; Drug
Therapy
ABSTRACT

Alkylating neoplastic agents form a class of chemotherapeutic drugs, all of which consist of highly reactive compounds containing alkyl groups. They are
employed as antineoplastics, drugs that kill neoplasms (cancerous tumor cells) by interfering with

Nitrogen mustard.
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observed that alkylating agents substitute alkyl
groups for the hydrogen groups in the DNA of tumor
cells. The alkyl groups crosslink guanine nucleobases
in the double-helix strands of DNA, which makes it
impossible for the two DNA strands to uncoil and
separate in preparation for replication. As a result,
these drugs prevent tumor cells from dividing during
mitosis, stopping the cells’ growth. They may also
stimulate the natural process of cell death (apoptosis). Because DNA is more actively replicated and
transcribed in rapidly dividing cancer cells than in
normal cells, these drugs are more toxic to tumor
tissue than to normal tissue. Alkylating agents are
also known to add methyl or alkyl groups onto any of
the four nitrogenous bases found in DNA (adenine,
guanine, cytosine, thymine), frequently altering the
base-pairing relationships and leading to new
mutations.
Side Effects

Although alkylating agents are more toxic to cancer
cells than to normal cells, these drugs are nonspecific; that is, they target normal as well as cancerous
tissue, so they exhibit the “Janus effect”: They kill
both bad and good cells. Therefore, they have toxic
side effects, depending on the specific drug, its
dosage, the duration of administration, and the individual patient’s physical condition and attitude.
Common side effects include depressed blood cell
counts, tiredness and fatigue, diarrhea, alopecia
(hair loss), nausea and vomiting, infertility (both
amenorrhea in women and impaired spermatogenesis in men), damage to intestinal mucosa, exfoliation of the bladder epithelium resulting in fluid retention, and in extreme cases cardiotoxicity, which
would mitigate the chemotherapy regimen. In
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addition, some alkylating agents increase the risk of
future malignancies, such as acute myeloid leukemia,
which may emerge years after treatment.
—Christina J. Moose, MA
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Allergies
FIELDS OF STUDY

Dermatology; Family Medicine; Immunology; Internal Medicine; Otorhinolaryngology; Pediatrics;
Pharmacology
ABSTRACT

Allergies are exaggerated immune reactions to materials that are intrinsically harmless. Exposure to an
allergen can trigger the body to release pharmacologically active chemicals as an allergic reaction,
which may result in discomfort, tissue damage, or, in
severe responses, death.
KEY CONCEPTS

Alkyl sulfonates. By Capaccio (Own work) GFDL.

• allergen: any substance that induces an allergic
reaction
• anaphylaxis: an immediate immune reaction,
triggered by mediators that cause vasodilation
and the contraction of smooth muscle
5
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• basophil: a type of white blood cell that contains
mediators associated with allergic reactions;
represents 1 percent or less of total white cells
• histamine: a compound released during allergic
reactions that causes many of the symptoms of
allergies
• IgE: a type of antibody associated with the release of granules from basophils and mast cells
• mast cell: a tissue cell with granules containing
vasoactive mediators such as histamine, serotonin, and bradykinin; the tissue equivalent of
basophil
Causes and Symptoms of Allergies

Allergies represent inappropriate immune responses
to intrinsically harmless materials, or antigens. Most
allergens are common environmental antigens. Approximately one in every six Americans is allergic to
material such as dust, molds, dust mites, animal
dander, or pollen. The effects range from a mere nuisance, such as rhinitis, or nasal irritation, associated
with hay fever allergies or the itching of poison ivy, to
the life-threatening anaphylactic shock that may
follow a bee sting. Allergies are most often found in
children, but they may affect any age group.
Allergy is one of the hypersensitivity reactions generally classified according to the types of effector
molecules that mediate their symptoms and according to the time delay that follows exposure to the
allergen. P.G.H. Gell and Robin Coombs defined
four types of hypersensitivities. Three of these, types
1 through 3, follow minutes to hours after the exposure to an allergen. Type 4, or delayed-type hypersensitivity (DTH), may occur anywhere from twenty-four
to seventy-two hours after exposure. People are most
familiar with two of these forms of allergies: type 1, or
immediate hypersensitivity, commonly seen as hay
fever or asthma; and type 4, most often following an
encounter with poison ivy or poison oak.
Type 1 hypersensitivities have much in common
with any normal immune response. A foreign material, an allergen, comes in contact with the host’s immune system, and an antibody response is the result.
The response differs according to the type of molecule produced. A special class of antibody, IgE, is secreted by the B lymphocytes. IgE, when complexed
with the specific allergen, is capable of binding to any
of several types of mediator cells, mainly basophils
and mast cells.
6

Mast cells are found throughout the skin and
tissue. The mucous membranes of the respiratory
and gastrointestinal tract in particular have high concentrations of these cells, as many as ten thousand
cells per cubic millimeter. Basophils, the blood cell
equivalents of the mast cells, represent 1 percent or
less of the total white cell count. Though the cells are
not identical, they do possess features related to the
role that they play in an allergic response. Both basophils and mast cells contain large numbers of granules composed of pharmacologically active chemicals. Both also contain surface receptors for IgE
molecules. The binding of IgE/allergen complexes
to these cells triggers the release of the granules.
A large number of common antigens can be associated with allergies. These include plant pollens (as
are found in rye grass or ragweed), foods such as nuts
or eggs, bee or wasp venom, mold, or animal dander.
A square mile of ragweed may produce as much as
sixteen tons of pollen in a single season. In fact, almost any food or environmental substance could
serve as an allergen. The most important defining
factor as to whether an individual is allergic to any
particular substance is the extent and type of IgE production against that substance.
Type 1 Allergic Reactions

Type 1 allergic reactions begin as soon as the sensitized person is exposed to the allergen. In the case of
hay fever, this results when the person inhales the
pollen particle. The shell of the particle is enzymatically dissolved, and the specific allergens are released
in the vicinity of the mucous membranes in the respiratory system. If the person has had prior sensitization to the materials, his/her immune system recognizes it as a foreign matter, so IgE molecules are
secreted by localized lymphocytes, bind to the allergens, and form an antibody/antigen complex.
A sequence of events is set in place when the immune complexes bind to the surface of the mast cell
or basophil. The reactions begin with a crosslinking
of the IgE receptors on the cell. Such crosslinking is
necessary because, in its absence, no granules are released. On the other hand, artificial crosslinking of
the receptors in laboratory experiments, even in the
absence of IgE, results in the release of vasoactive
granules.
Following the activation of the cell surface, a series
of biochemical events occurs, the key being an influx
of calcium into the cell. Two events rapidly follow:
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The cell begins production of prostaglandins and
leukotrienes, two mediators that play key roles in allergic reactions, and preexisting granules begin
moving toward the cell surface. When they reach the
cell surface, the granules fuse with the cell membrane, releasing their contents into the tissue.
The contents of the granules mediate the clinical
manifestations of allergies. These mediators can be
classified as either primary or secondary. Thus, clinical responses are divided into immediate- and latephase reactions. Primary mediators are those found
in preexisting granules and released initially following the activities at the cell surface. They include
substances such as histamine and serotonin, associated with increased vascular permeability and smooth
muscle contraction. Histamine itself may constitute
10 percent of the weight of the granules in these
cells. The results are a runny nose, irritated eyes, and
bronchial congestion. These substances include the
leukotrienes (also called slow reactive substances of
anaphylaxis, or SRS-A) and prostaglandins. Pharmacological effects from these chemicals include vasodilation, increased capillary permeability, contraction
of smooth muscles in the bronchioles, and, more important, a group of chemotactic activities that attract
many different white cells in the site to magnify the
inflammatory reaction. This is why an allergic reaction is divided into two phases, and the late reaction
may last for days.
Foods to which one is allergic may trigger similar
reactions in the gut. Mast cells in the gastrointestinal
tract also contain receptors for IgE, and contact with
food allergens results in the release of mediators similar to those in the respiratory passages. The result
may be vomiting or diarrhea. The allergen may also
pass from the gut into the circulatory system or other
tissues, triggering asthmatic attacks or hives. In severe allergic reactions, the response may be swift and
deadly. The venom released during a bee sting may
trigger a systemic response from circulating basophils or mast cells, resulting in the contraction of pulmonary muscles and rapid suffocation, a condition
known as anaphylactic shock. The leukotrienes,
platelet-activating factor, and prostaglandins play key
roles in these reactions.
Delayed-type Hypersensitivities

Delayed-type hypersensitivities, also known as contact dermatitis reactions, are most commonly
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manifested following the presentation of a topical allergen. These may include the catechol-containing
oils of poison ivy, the constituents of hair dyes or cosmetics, environmental contaminants such as nickel
or turpentine, or any of a wide variety of environmental agents. Rather than being mediated by antibodies, as are the other types of hypersensitivities,
DTH is mediated through a specific cellular response. These cells appear to be a special class of T
(for thymus-derived) lymphocytes.
DTH reactions are initiated following the exposure to the appropriate antigen. Antigen-presenting
cells in the skin bind and “present” the allergen to
the specific T lymphocytes. This results in the secretion by these T cells of a variety of chemicals mediating inflammation. These mediators, or cytokines,
include gamma interferon, interleukin-2, and tumor
necrosis factor. The result, developing over a period
of twenty-four to seventy-two hours, is a significant inflammatory response with subsequent localized
damage to tissue.
Types 2 and 3 Hypersensitivity Reactions

Types 2 and 3 hypersensitivity reactions are less commonly associated with what most people consider to
be allergies. Yet they do have much in common with
type 1, immediate hypersensitivity. Type 2 reactions
are mediated by a type of antibody called IgG. Clinical manifestations result from the antibody-mediated destruction of target cells, rather than through
the release of mediators. One of the most common
forms of reaction is blood transfusion reactions, either against the A or B blood group antigen or as a
result of an Rh incompatibility. For example, if a
person with type O blood is accidentally transfused
with type A, an immune reaction will occur. The
eventual result is destruction of the incompatible
blood cells. Rh incompatibilities are most commonly
associated with a pregnant woman who is lacking the
Rh protein in her blood (that is, Rh negative) carrying a child who is Rh positive (a blood type obtained from the father’s genes). The production of
IgG directed against the Rh protein in the child’s
blood can set in motion events that result in the destruction of the baby’s red blood cells, a condition
known as erythroblastosis fetalis. This is usually not
problematic during a woman’s first pregnancy, but
becomes a problem in later pregnancies when her
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immune system is able to recognize the baby’s Rh
factor as a foreign body.
Type 3 reactions are known as immune complex
diseases. In this case, sensitivity to antigens results in
formation of IgG/antigen complexes, which can
lodge in the kidney or other sites in the body. The
complexes activate what is known as the complement
system, a series of proteins that include vasoactive
chemicals and lipolytic compounds. The result can
be a significant inflammation that can lead to kidney
damage. Type 3 reactions can include autoimmune
diseases such as arthritis or lupus, or drug reactions
such as some forms of penicillin allergies (some penicillin allergies are type 1).
It should be kept in mind, however, that none of
these reactions is inherently abnormal. Under
normal circumstances, these same reactions mediate
an inflammatory defense against foreign pathogens.
For example, the normal role of IgE appears to be
associated with the destruction of parasites such as
are found in helminthic infections (such as parasitic
worms). The release of mediators under these conditions is important as a defensive reaction leading to
the expulsion or destruction of worms. It is only
when these same mediators are released inappropriately that one observes the symptoms of allergies.
Most individuals are familiar with immediate hypersensitivity reactions involving a localized area.
The most common form of allergy is rhinitis, known
as hay fever, which affects approximately 10 percent
of the population. When a person inhales an environmental allergen such as ragweed pollen, the result is a release of pharmacologically active mediators
from mast cells located in the upper respiratory tract.
If the release occurs in the lower respiratory tract,
the condition is known as asthma. In both instances,
the eyes and nose are subject to inflammation and
the release of secretions. In mild cases, the person
suffers from watery discharges, coughing, and
sneezing. In more severe asthma attacks, the bronchioles may become constricted and obstruct the air
passages.
Treatment and Therapy

Three methods for dealing with allergies exist: avoidance of the allergen, palliative treatments, and desensitization. Ideally, one can attempt to avoid the
allergen. For example, cow’s milk, a common allergen, should not be given to a child at too young an
8
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age, and one can stay away from patches of poison ivy
or avoid eating strawberries if one is allergic to them.
Avoidance, however, is not always possible or desirable, as the problem may be the fur, for example,
from the family cat. Pets are problematic because
their bodily secretions, such as urine or saliva, dry on
household objects. When an object, such as a pillow,
is used, the molecules become disturbed, and the airborne molecules create a pool of allergens that are
hard to get rid of, since so many household objects
are usually contaminated.
Identifying the specific substance causing the
symptoms is difficult. This is particularly true when
dealing with foods. Various procedures exist to identify the irritating substance, skin testing being the
most common. In this procedure, the patient’s skin is
exposed to small amounts of suspected allergens. A
positive test is indicated by formation of hives or reddening within about twenty to thirty minutes. If the
person is hypersensitive to a suspected allergen and
finds a skin test too risky, then a blood test, a radioallergosorbent (RAST) test may be substituted. In addition to running a battery of tests, a patient’s allergy
history (including family history, since allergies are
in part genetic) or environment may give clues as to
the identity of the culprit.
The most commonly used method of dealing
with allergies is a palliative treatment―that is, treatment of the symptoms. Antihistamines act by binding
to histamine receptors on target cells, interfering
with the binding of histamine. Two types of histamine receptors exist: H-1 and H-2. Histamine binding
to H-1 receptors results in contractions of smooth
muscles and increased mucus secretion. Binding to
H-2 receptors results in increased vasopermeability
and swelling. Anti-histamines that act at the level of
the H-1 receptor include alkylamines and ethanolamines, and are effective in treating symptoms of
acute allergies such as hay fever. Histamine II
blockers such as cimetidine are used primarily in the
treatment of peptic ulcers to control gastric secretions, but they occasionally are used as adjunctive
therapy or in the prevention of severe allergic
reactions.
Many antihistamines can be obtained without a
prescription. If they are not used properly, however,
the side effects can be serious. Overuse may result in
toxicity, particularly in children; overdoses in children can be fatal. Because antihistamines can depress the central nervous system, side effects include
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drowsiness, nausea, constipation, and drying of the
throat or respiratory passage. This is particularly true
of histamine 1 blockers. A new generation of H-1 antihistamines is available on the market. They are long
acting and free of the sedative effect of other
antihistamines.
Other symptomatic treatments include the use of
cromolyn sodium, which blocks the influx of calcium
into the mast cell, and thus is called a mast cell stabilizer. It acts to block steps leading to degranulation
and the release of mediators. In more severe cases,
the administration of steroids (cortisone) may prove
useful in limiting symptoms of allergies.
Anaphylaxis is the most severe form of immediate
hypersensitivity, and unless treated promptly, it may
be fatal. It is often triggered in susceptible persons by
common environmental substances: bee or wasp
venom, drugs such as penicillin, foods such as peanuts and seafood, or latex protein in rubber. Symptoms include labored breathing, rapid loss of blood
pressure, itching, hives, and/or loss of bladder control. The symptoms are triggered by a sudden and
massive release of mast cell or basophil mediators
such as histamine, leukotrienes, or prostaglandin derivatives. Treatment consists of an immediate injection of epinephrine and the maintenance of an open
air passage into the lungs. Corticosteroids and antihistamines are also administered. If cardiac arrest occurs, cardiopulmonary resuscitation must be undertaken. Persons in known danger of encountering
such a triggering allergen often carry with them an
emergency kit containing epinephrine and
antihistamines.
Contact dermatitis is a form of delayed-type hypersensitivity, developing several days after exposure to
the sensitizing allergen. Rather than resulting from
the presence of IgE antibody, the symptoms of contact dermatitis result from a series of chemicals released by sensitized T lymphocytes in the area of the
skin on which the allergen (often poison ivy or
poison oak) is found. Treatments generally involve
the application of topical corticosteroids and
soothing or drying agents. In more severe cases, systemic use of corticosteroids may be necessary.
In some persons, the relief of allergy symptoms
may be achieved through desensitization. This form
of immunotherapy involves the repeated subcutaneous injection of increasing doses of the allergen.
In a significant number of persons, such therapy
leads to a decrease in symptoms. The idea behind
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such therapy is that repeated injections of the allergen may lead to production of another class of antibody, the more systemic IgG. These molecules can
serve as blocking antibodies, competing with IgE in
binding to the allergen. Because IgG/allergen complexes can be phagocytosed (destroyed by phagocytes) and do not bind receptors on mast cells or basophils, they should not trigger the symptoms
of allergies. Unfortunately, for reasons that remain
unclear, not all persons or all allergies respond to
such therapy.
The type 1 immediate hypersensitivity reactions
commonly run in families. This is not so surprising if
one realizes that the regulation of IgE production is
genetically determined. Thus, if both parents have allergies, there is little chance that their offspring will
escape the problem. On the other hand, if one or
both parents are allergy free, the odds are at least
even that the offspring will also be free from such
reactions.
Peanut Allergies

In the United States alone, between fifty and one
hundred fifty people die each year from serious allergic reactions to peanuts. 1.5 million Americans
have a demonstrated allergic sensitivity that puts
them at risk for life-threatening reactions to peanut
protein exposure. Reactions can be so severe to
minute amounts of airborne peanut protein that
some schoolchildren must eat lunch in peanut-free
rooms, and many airlines have stopped serving peanuts to passengers. Because peanuts and peanut oil
can be ingredients in a diverse range of food items
such as chili, potato chips, and egg rolls, peanut allergy sufferers live under a constant threat of having
an adverse reaction despite their best efforts to avoid
the allergen.
In the March 13, 2003, issue of the New England
Journal of Medicine, Hugh A. Sampson and his colleagues at Mount Sinai School of Medicine in New
York reported the results of a study that show the first
successful preventive treatment for peanut allergy. In
a double-blind study, eighty-four volunteers with
peanut allergy were given either placebo shots or injections of various doses of the experimental drug
TNX-901 once a month over a four-month period. At
the end of the study, participants were given capsules
of peanut flour in increasing amounts until they exhibited an allergic reaction. The results showed that
those given placebos reacted when given the
9
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equivalent of half a peanut. People who received low
doses of the drug could ingest a bit more before reacting. Those receiving the highest doses could ingest, on average, the equivalent of nine peanuts (and
for some, twenty-four peanuts) before developing an
allergic response.
TNX-901 is a genetically engineered antibody that
prevents allergic response by binding to potentially
harmful immune cells that are produced in response
to allergen exposure. Binding these immune cells interrupts the series of events that lead to an allergic
reaction.
While TNX-901 is not a cure for peanut allergy, its
preventive potential makes the required monthly
shot appealing to those afflicted with the disorder.
Since accidental exposure to peanut protein is estimated to be equivalent to one or two peanuts, TNX901 could provide sufferers with confidence that accidental peanut exposure would not lead to a
life-threatening reaction. Legal disputes have hampered its development, however, and a similar drug
called Xolair is being researched. Other researchers
are examining oral immunotherapy as a treatment
for peanut allergy.
“Big 8” Allergens on Food Labels

On December 20, 2005, the Food and Drug Administration (FDA) announced that effective January 1,
2006, it would enforce regulations established by the
Food Allergen Labeling and Consumer Protection
Act of 2004. The FDA edict requires manufacturers
to list in clear language on product labels the presence of any of the eight most important food allergens—milk, eggs, fish, crustacean shellfish such as
shrimp, tree nuts, peanuts, wheat, and soybeans—
and protein derived from them. Thus, if a product
contains casein, a milk-derived protein, then the
label will have to say “contains milk,” in addition to
listing casein among the ingredients.
The FDA estimated that these eight allergens were
responsible for 90 percent of all allergic reactions to
food, requiring complete avoidance of the allergyproducing substances to prevent severe or even lifethreatening reactions. The clear language provisions
were designed to be particularly useful to children
and teenagers who could not be expected to recognize technical names of all possible derivatives of allergens that they needed to avoid. About 11 million
Americans—2 percent of adults and 5 percent of infants and young children—are affected by food
10

Principles of Pharmacology

allergies. Some 300,000 people end up in emergency
rooms each year, and 150 die as a result of extreme
reactions.
Consumer advocates welcomed the new rules,
but, by the summer of 2006, they were complaining
that some manufacturers confused purchasers by
using “may contain” declarations on their labels
rather than the specific language preferred by the
FDA and consumers. Larger food companies rarely
used “may contain” statements, and smaller manufacturers, either uncertain about the regulations or
fearful of product liability lawsuits, were major offenders. Ambiguous language was particularly perplexing to teenagers, unsure how seriously to take
the warnings, who might either risk severe reactions
or unnecessarily limit their choice of food.
Perspective and Prospects

Though allergies in humans have probably existed
since humans first evolved from ancestral primates, it
was only in the nineteenth century that an understanding of the process began to develop. Type 1 hypersensitivity reaction was first described in 1839
through experiments in which dogs were repeatedly
injected with egg albumin and developed an immediate fatal shock. The term “anaphylaxis” was coined
for this phenomenon in 1902, when Paul Portier and
Charles Richet observed that dogs repeatedly immunized with extracts of sea anemone tentacles suffered
a similar fate. Richet was awarded the 1913 Nobel
Prize in Physiology or Medicine for his work on
anaphylaxis.
In the 1920s, Sir Henry Dale established that at
least some of the phenomena associated with immediate hypersensitivity were caused by the chemical
histamine. Dale sensitized guinea pigs against various
antigens. He then observed that, when the muscles
from the uterus were removed and exposed to the
same antigen, histamine was released and the muscles underwent contraction (known as the SchultzDale reaction).
The existence of a component in human serum,
which mediates hypersensitive reactions, was demonstrated by Otto Prausnitz, a Polish bacteriologist, and
Heinz Kustner, a Polish gynecologist, in 1921.
Kustner had a strong allergy to fish. Prausnitz removed a sample of serum from his colleague and injected it under his own skin. The next day, Prausnitz
injected fish extract in that same region. Hives immediately appeared, indicating that the serum
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contained components that mediated the allergy.
For some time, the Prausnitz-Kustner test, or P-K test,
remained a means of testing for allergens under circumstances in which a person could be tested for
sensitivity. (It is no longer in use because of safety
concerns.) In this test, a serum sample from the test
subject was injected under the skin of a surrogate
(usually a relative) and later followed with test allergens. The presence of a wheal and flare reaction
(hives) indicated sensitivity to the allergen. The
serum component responsible for this sensitivity was
later identified as the antibody IgE by K. and T.
Ishizaka and S.G.O. Johansson in 1967. The target
cells to which the IgE bound were later identified as
mast cells and basophils.
The discovery of IgE allowed scientists to develop
a blood test called a radioallergosorbent test (RAST)
that could measure a specific IgE antibody to an allergic substance. RAST is fully as sensitive as a skin
test and thus can be a substitute in some clinical circumstances. Furthermore, discoveries of numerous
mediators from mast cells and other white cells such
as cytokines, chemokines, interleukins, growth factors, and interferon have helped scientists understand the pathology of allergy at the molecular level.
It helps clinically to divide the allergic reaction into
immediate reaction (onset within a few minutes after
exposure to allergens) and delayed or late-phase reaction (onset hours after exposure to antigens and a
reaction that may last for days). The definition of allergy has now expanded from the traditional, immediate allergic reaction to the inclusion of chronic inflammatory processes in the tissues. With a better
understanding of how allergies develop, better treatments can be offered to patients who suffer from this
disorder.
The eventual goal of research is to understand the
molecular defects that result in allergies and ultimately to find a means to eliminate the problem,
rather than simply offer palliative measures. For example, it is now known that interleukin-4 (one of the
mediators of T cells) raises IgE production, while interferon (another mediator of T cells) lowers IgE
production. By understanding the regulation of IgE
production, it may become possible to inhibit IgE
production in allergic persons selectively, without affecting the desired functions of the immune
response.
—Richard Adler, PhD
—Catherine Avelar, BS
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Aminoglycoside antibiotics
FIELDS OF STUDY

Pharmacology; Bacteriology; Medicine; Biochemistry
ABSTRACT

Aminoglycosides are an antibacterial drug class
whose members have molecular structures consisting
of six-membered rings with amino (-NH2) and glycoside (glucose-derived) groups, derived from or related to the soil bacteria Streptomyces, which block bacterial ribosomal functions.
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Aminoglycoside antibiotics

KEY CONCEPTS

• aminoglycoside: a glycoside molecule that bears
amino (-NH2) substituents in place of some or
all of the usual -OH substituents
• glycoside: any of a group of chemicals that are
formed when glucose or glucose-like carbohydrate molecules become chemically bonded to
each other through two -OH functional groups,
corresponding to the loss of a molecule of water

Diseases Treated

Aminoglycosides, such as neomycin, kanamycin, tobramycin, and daptomycin, are active primarily
against aerobic, Gram-negative bacilli. The first aminoglycoside, named streptomycin for its origin in
Streptomyces soil bacteria, was discovered in 1943 and
was used to treat tuberculosis caused by Mycobacterium tuberculosis. All aminoglycoside antibiotics are
naturally or synthetically derived from either Streptomyces or Micromonospora soil bacteria and treat similar
types of bacterial infections. Aminoglycosides are active against Neisseria gonorrhoeae and Pseudomonas aeruginosa, and against more common Gram-negative
pathogens. They are used topically for eye and ear
infections, and for skin infections resulting from
burns or ulcers. These antibiotics also may successfully treat serious infections such as sepsis, meningitis, and enterococcal endocarditis.
Administration

Drugs in the aminoglycoside class generally have a
short half-life of two to three hours and have poor
oral absorption. Neomycin in particular is used frequently in topical creams or ointments for minor infections and in topical liquid preparations for eye
and ear infections. Aminoglycosides are administered parenterally (by injection into a muscle or
vein) in cases of complicated infection to achieve
high enough drug levels for antibacterial action.
Aminoglycosides also are given by oral inhalation to
treat lung infections such as pneumonia and as topical irrigations to treat skin infections locally.
Mechanism of Action

Aminoglycosides disrupt bacterial cell-wall permeability to a degree proportional to the antibiotic concentration in bacterial cells. Specifically, aminoglycosides reversibly bind to mRNA (messenger
ribonucleic acid) nucleotides at the 30S subunits of
12

Ball-and-stick model of the streptomycin molecule. X-ray diffraction data from PDB 1ntb, itself from Valentina Tereshko, Eugene
Skripkin and Dinshaw J. Patel (January 2003). “Encapsulating
Streptomycin within a Small 40-mer RNA”. Chemistry & Biology 10 (2): 175-187

prokaryotic ribosomes. This binding causes conformational changes in the bacterial cell adenines,
which block translation of mRNA in the cell. The ribosomal binding reduces protein synthesis in the cell
wall. Resistance to aminoglycosides is rare but focuses on A-to-G mutations and on changes in the subunit that decrease binding of the drugs.
Side Effects

The primary side effects of aminoglycosides are
nephrotoxicity, ototoxicity, and increased neuromuscular block. Nephrotoxicity may be reversible and
proportional to dose, whereas ototoxicity is possibly
irreversible. Persons who receive aminoglycosides,
especially for more than two weeks, should be observed carefully for any early signs of ear and hearing
damage. Neuromuscular block alone is infrequent
but is more likely when aminoglycosides are given
concomitantly with drugs that inhibit acetylcholine,
such as pancuronium. Side effects of aminoglycosides are more likely to occur in older persons, and
can be reduced by using shorter treatment courses
and dosing regimens designed to minimize toxicity.
Interactions

Ginkgo: The herb ginkgo is thought to increase circulation and protect nerve cells from damage. On this
basis, it has been proposed as a possible treatment to
help protect the auditory nerve from damage caused
by aminoglycosides. However, it has been observed
instead that the herb increased damage to the
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auditory nerve. Based on this finding, persons using
aminoglycoside drugs should avoid ginkgo.
Minerals: magnesium and calcium: Weak evidence
from animal studies hints that the use of gentamicin
may reduce levels of magnesium and calcium. Supplementation may therefore be helpful on general
principles if gentamicin treatment is used for an extended time. Studies also suggest that calcium supplements in particular might help prevent gentamicin-induced kidney damage.
Vitamin B12: There is weak evidence that vitamin
B12 might help prevent hearing damage caused by
gentamicin.
N-acetylcysteine: Preliminary animal studies suggest
that N-acetylcysteine might help protect the kidneys
from damage caused by gentamicin.
Impact

Aminoglycosides were developed from natural
sources in the 1940’s, leading to increased resistance
and high toxicity and contributing to its reduced use.
In the early twenty-first century, medical treatments
often combine beta-lactams with cephalosporins instead of aminoglycosides for these reasons. However,
aminoglycosides are still used for serious infections,
and they retain usefulness in remote areas of the
world. As resistance develops to agents in the betalactam class, aminoglycosides may again prove necessary in more populated areas of the world.
—Nicole M. Van Hoey, PharmD
—EBSCO CAM Review Board
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Amiodarone
FIELDS OF STUDY

Pharmacology; Cardiology; Medicine
ABSTRACT

Amiodarone is an antidysrhythmia drug used to restore normal heart rhythm. It is administered both in
tablet form and as an injection. It is presented under
the trade names Cordarone, Nexterone, and Pacerone. Interactions with a number of herbs and other
supplements are known.
KEY CONCEPTS

• benzofuran: a molecular structure in which the
six-membered benzene ring is fused with a fivemembered furan ring
• dysrhythmia: a potentially dangerous condition
of abnormal heartbeat
• furan: a five-membered cyclic structure consisting of four carbon atoms and one oxygen
atom, with double-bonds between the carbon
atoms
• PR interval: in ECGs, the period between the
beginning of the P wave and the onset of the
QRS complex
• QT interval: in ECGs, the period between the
beginning of the QRS complex and the onset of
the T wave, dependent on heart rate

Heart Function

The human heart is a muscular organ and functions
continuously to circulate blood throughout the body.
It consists of four chambers that expand and contract
in coordination with each other first to receive oxygenated blood from the lungs and then to propel
that blood into the arterial system of the body. The
capillaries are the smallest blood vessels and are located at the greatest extensions of the circulatory
system. Arterial capillaries deliver oxygenated blood
to each cell of the body. Venous capillaries acquire
13
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Interactions

Pulmonary fibrosis induced by amiodarone. By James Heilman,
MD (Own work).

deoxygenated blood at that point and carry it back
into the veins of the body. The veins deliver the deoxygenated blood to the lung tissues, where gas exchange eliminates carbon dioxide from the blood
and brings about oxygenation of the blood once
more. From the lungs, the blood then travels to the
heart once more, completing the cycle of circulation.
It is vital for the continuation and functioning of this
system that the heart maintain a steady rhythm in its
cycle of expansions and contractions. When this
steady rhythm is not maintained, the individual’s life
is endangered. A condition of arrhythmia is one in
which no certain pattern of heart rhythm is detected.
Dysrhythmia, which includes arrhythmia, is the condition in which the heart rhythm is irregular. This
may have little or no consequences if the disturbance
is random and minor, but becomes seriously life
threatening if the disturbance is not minor or is
prolonged.
In the event of dysrhythmia, and particularly
tachycardia (defined as a heart rate greater than 90
beats per minute), amiodarone may be administered. Heart rate and condition are measured in
ECG by the PR and QT intervals, the time between
specific nerve impulses that polarize and depolarize
the atrial nerves of the heart. Amiodarone acts to impede those nerve impulses in such a way that the PR
and QT intervals are extended, correspondingly
slowing the heart rate of the patient.
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Vitamin E: One of the problems with amiodarone is
that it can cause injury to the lungs. Studies suggest
that vitamin E supplements might help prevent this
side effect.
Chaparral, comfrey, and coltsfoot: The herbs chaparral (Larrea tridentata or L. mexicana), comfrey (Symphytum officinale), and coltsfoot (Tussilago farfara)
contain liver-toxic substances. Because amiodarone
can also affect the liver, combining these herbs with
the medication is not advisable.
Dong quai and St. John’s wort: Amiodarone has been
reported to cause increased sensitivity to the sun, amplifying the risk of sunburn or skin rash. Because St.
John’s wort and dong quai may also cause this
problem, taking these herbal supplements during
amiodarone therapy might add to this risk. It may be
a good idea to use sunscreen or wear protective
clothing during sun exposure if taking one of these
herbs while using amiodarone.
—EBSCO CAM Review Board
—Richard Renneboog, MSc
Further Reading
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Amoxicillin
FIELDS OF STUDY

Pharmacology; Medicine; Bacteriology
ABSTRACT

Amoxicillin is the antibiotic penicillin that has been
modified to have a broader spectrum of effect against
bacterial infections. Interactions with bromelain and
vitamin K, common components of many foods, have
been observed. Amoxicillin is provided under different trade names, including Amoxil, Trimox, and
Wymox.
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KEY CONCEPTS

• osmosis: the process by which water passes
through a cell membrane to equalize the concentration or amount of water on both sides of
the membrane
• osmotic balance: the equalization of osmotic
pressure on both sides of a cell membrane
• osmotic pressure: the force with which water on
the side of a cell membrane with the higher relative water content seeks to get to the side of the
membrane having the lower relative water
content
• semisynthetic: indicates that a drug or other
compound has been produced by chemically altering the molecular structure of an existing,
naturally occurring compound

Amoxicillin and Penicillin

Amoxicillin is one of the group of drugs based on the
parent naturally occurring compound penicillin.
The molecular structures of the two compounds are
very similar, as amoxicillin is a semisynthetic derivative of penicillin. Both structures have the same 4- or
5-fused ring structure containing a sulfur atom and a
nitrogen atom at one end and a functionalized substituent group at the other end. By various chemical
synthesis reactions carried out in vitro (in laboratory
glassware), this substituent group in amoxicillin has
been altered to have more reactive functionality than
the substituent group in penicillin. The difference is
readily seen by comparing molecular structure drawings of the two molecules side by side.
Like all members of the penicillin group of drugs,
amoxicillin interferes with cell wall replication in
bacteria that are susceptible to treatment with penicillins. This interference disrupts the osmotic stability of the bacterial cells in such a way that the
amount of water that goes into the cell by osmosis
through the cell membrane is not balanced by the
amount of water going out of the cell. As a result, the
osmotic pressure inside the cell continually increases
until the cells swell and burst, killing the bacterium.
Amoxicillin may be administered for a broad variety of bacterial infections, affording it the designation of “broad spectrum antibiotic.” Unfortunately,
amoxicillin is powerless to combat infections caused
by viruses, as are all antibiotics. Failure to understand
this principle by the general public has contributed
to the rise of antibiotic-resistant strains of bacteria

Amoxicillin

that were otherwise easily defeated by the penicillins
and other antibiotics. Though amoxicillin and its
relatives are still effective treatments for bacterial infections, this antibiotic resistance means that the
causal agent of an infection is not completely eradicated in its host, and longer recovery times are required for the host’s immune system to effect a complete recovery.
Side Effects

Certain individuals have severe allergic reactions if
amoxicillin or another penicillin is given as part of a
course of treatment. The reaction is life-threatening
for susceptible individuals. Lesser side effects are also
known for amoxicillin, including headache, nausea,
vomiting, rash, abdominal pain, insomnia, and
diarrhea.
Interactions

Bromelain: According to some studies, the supplement bromelain (from pineapple stems) may increase the absorption of amoxicillin. This effect
might help the antibiotic to be more effective.
Vitamin K: There are concerns that antibiotic
treatment might reduce levels of vitamin K in the
body. However, this effect seems to be slight and only
significant in persons who are already considerably
deficient in vitamin K.
—EBSCO CAM Review Board
—Richard Renneboog, MSc
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Androgen drugs
FIELDS OF STUDY

Endocrinology; Oncology; Social Issues; Women’s
Health; Pharmacology
ABSTRACT

Androgens are steroid hormones produced by the
adrenal glands and testes or ovaries, responsible for
male sex characteristics in the body. Testosterone, an
endogenous androgen, is converted to estrogen by
the enzyme aromatase. Androgenic agents can be
used in the treatment of breast cancer.
KEY CONCEPTS

• metastatic: describes the development of a malignant cancer growth in a different location or
in different tissue than the original growth
• steroids: a large class of molecules having a
common structure consisting of four six-membered rings and one five-membered ring fused
in a “planar” array; most function as hormones
in human biochemistry

Androgens

Androgens are steroid hormones produced by the
adrenal glands and testes or ovaries, responsible for
male sex characteristics in the body. Testosterone, an
endogenous androgen, is converted to estrogen by
the enzyme aromatase. Androgenic agents can be
used in the treatment of breast cancer. As hormones,
the androgens have very important functions in
human biochemistry and are the agents responsible
for the development of the physical characteristics of
males and females. In addition, they serve as controlling factors in many of the biochemical processes related to those physical characteristics and the maintenance of the human body. Testosterone and estrogen
are the two most important androgen hormones.
The importance of these biomolecules becomes
obvious that when estrogen is introduced into a male
in excess of its normal quantity, that male will begin
to develop the physical characteristics of a female.
The opposite is true for the introduction of testosterone into a female body, and results in the development of male physical characteristics. This is, of
course, an essential component of so-called “sex
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A 10-ml vial of Depo-Testosterone (testosterone
cypionate), an anabolic steroid. (U.S. Drug Enforcement Administration)

change operations” and transsexualism. Maintaining
the balance of these two androgens in human biochemistry naturally involves a very complex network
of biochemical reactions and interactions.
The androgens can be subdivided into three different general classifications according to their principal molecular features and functions. Anabolic steroids are those that serve to promote the acquisition
and maintenance of “male” characteristics such as
increasing muscle mass, strength, and endurance.
These are typically identified as “performance enhancing” substances when used by athletes. Alkylated
androgens are semisynthetic analogs of testosterone
bearing alkyl substituents on the central steroid
structure. Testosterone esters are testosterone analogs that bear acyl groups on the central steroid
structure. Each of these types of compounds exerts a
different influence on the biochemical operations of
the human body. Testosterone esters are lipophilic
compounds that, when dissolved in oil, are administered via intramuscular injection. Alkylated androgens can be given orally, as their metabolic deactivation is hindered by the alkyl group at the 17α
position.

